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ASTRONOMY, 

I. 

General  view  of  the  Phoenomena  of  the 
Heavens. — Apparent  Motion  of  the  fixed 
Stars,  of  the  Sun,  Moon,  Planets,  Satellites  of 
the  Planets,  Comets. — To  have  a  more  ac¬ 
curate  knowledge  of  thefe,  the  Dodrine  of 
the  Sphere  muft  be  explamed,“Definitions. — ■ 

A  Poles, 
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Poles. — Primary  Circles,  viz.  Equator,  Paral¬ 
lels  ;  Hour  Circles  or  Meridians,  Ecliptic,  Tro¬ 
pics. — Arches  of  the  Equator  meafured  by  De¬ 
grees  or  by  Hours.— Converiicn  of  one  of  thefe 
meafures  into  the  other. 

Secondary  Circles,  Horizon,  Verticals,  &c,— 
Latitude  and  Longitude— Right  Afceniion  and 
Delination  of  the  Stars. —Altitude,  Azimuth  of 
Stars. — Zenith  of  a  Place  ;  Latitude  of  a  Place 
defined. —  Elevation  of  the  Pole. 

II. 

Orthographical  Projedlion  of  the  Sphere.— So¬ 
lution  of  various  Problems  concerning  the  Cir¬ 
cles  of  the  Sphere  deduced  from  that  Projec¬ 
tion,  viz.  the  Pofition  of  a  Star  in  refpedf  of  the 
Equatpr  being  given,  to  find  its  Pofition  in 
refped:  of  the  Ecliptic,  et  vice  verfa. — The  De¬ 
clination  of  a  Star  being  given,  and  its  Altitude 
above  the  Horizon  of  a  place  in  a  known  Lati¬ 
tude,  to  find  its  Azimuth,  and  the  time  which 
it  requires  to  come  to  the  Meridian,  or  more 
generally,  any  three  of  thefe  five  Elements  be¬ 
ing  given,  to  find  the  other  two  ;  alfo  the  Lati¬ 
tude  of  a  Place,  and  the  Declination  of  a  Star 
being  given,  to  find  the  time  of  its  ifay  above 
the  Horizon. 

HI. 

Of  the  Inflruments  required  for  determining 
the  Pofition  of  the  Heavenly  Bodies,  in  refped* 
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of  the  Circles  of  the  Sphere. — i.  Inftruments 
for  meafuring  Angles ;  Telefcope,  Afcronomical 
Quadrant,  Hadley’s  Quadrant,  Micrometer; 
Gnomon. — 2.  Indruments  for  meafuring  Time; 
Sun-dial,  Clock,  Tranfit  Telefcope. 

IV. 

Optical  Illulions  which  affed:  Aftronomical 
Obfervations.- — i.  Refradion  of  Light  by  the 
Atmofphere. — Law. — Table  of  Refradions  for 
different  Altitudes.- — Vary  with  the  Barometer 
and  Thermometer.  —  2.  Parallax.  —  Depends 
on  hte  diftance  of  the  Body  obferved,  from  the 
Earth,  and  its  Elevation  above  the  Horizon. 
—Theorems  refpeding  the  Parallax  of  the  Stars, 

V. 

Aftronomical  Obfervations.— 1.  For  diftin^ 
guiftiing  particular  Stars  or  Conftellations  —2. 
For  finding  the  Meridian  line,  and  the  Latitude, 
—3.  For  the  Regulation  of  Time,  and  find¬ 
ing  the  right  Afcenfion  of  a  Star,~4.  For 
finding  the  Declination  of  a  Star.— 5.  For  de¬ 
termining  the  inftant  of  a  given.  Phenomenon, 
as  of  the  Equinox,  the  Solftice,  &c.— 6.  For 
determining  the  Apparent  Magnitude  of  a  Star, 
or  the  Angle  fubtended  by  its  Diameter.— 
7.  For  marking  the  Phafes,  or  the  different  ap¬ 
pearances  on  the  Dilk  of  a  Planet,  Solar  Spots, 


C  4  J 


VI. 

The  Principles  on  which  the  real  Motions  of 
the  Heavenly  Bodies  are  to  be  deduced  from 
the  obfervation  of  their  apparent  Motions.— 
Fadls  enumerated  on  which  this  dedudion  is 
founded  ;  of  three  kinds,  relating  to  the  Mo¬ 
tion  in  Longitude,  the  Motion  in  Latitude,  and 
the  apparent  Magnitude  of  the  Planets. — -Hence 
are  inferred  the  Motion  of  the  Earth,  the  Im¬ 
mobility  of  the  Sun,  and  the  true  Syjlem  of  the 
World. 

VII. 

The  Earth’s  Motion  particularly  conlidered. 
Parallelifm  and  Obliquity  of  its  Axis. — Change 
of  Seafons. — -Elliptical  Orbit.— Equal  Areas  de- 
fcribed  in  equal  Times. — F rom  the  unequal  V elo- 
city  of  the  Earth,  and  from  the  Obliquity  of 
the  Ecliptic  refults  an  Inequality  in  the  Length 
of  the  Solar  Day. — Equation  of  Time. — Side- 
rial  and  Solar  Day. — Year,  Siderial  and  Tropi¬ 
cal. — Hence  the  Preceffion  of  the  Equinoxes. 
Parallelifm  of  the  Earth’s  Axis  not  perfed-; 
—Slow  Conical  Motion. 

VIII. 

Farther  conlideration  of  the  Earth’s  Orbit, 
and  the  Meafure  of  Time. — Kepler’s  Problem — > 
Aftronomical  Tables, — -Equation  of  the  Centre. — * 

Right 
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Right  Afcenlion  and  Decimation  of  the  Sun» 
Small  variation  in  the  Obliquity  of  the  Eclip¬ 
tic. — Aftronomical  principles  of  Chronology. — « 
Calendar. 

IX. 

The  Moon’s  Motion  particularly  confidered.— 
Period  ;  Lunation. — Mean  Motion. — Irregula¬ 
rities  ;  Annual  Equation;  Equation  of  the  Gen- 
^tre,  Evedlion,  &c. — Moon’s  Parallax. — Lunar 
Tables. 

X. 

Relative  Motions  of  the  Sun  and  Moon, — -E- 
clipfes. — Calculation  of  Eclipfes. — Lunar  Pe¬ 
riods. — Tranfit  of  the  Moon  over  a  Star. 

XL 

Of  the  Crbits  of  the  other  Planets ;  primary 
and  fecondary.— Three  General  Laws. — i.  Or¬ 
bits  Elliptical ;  2.  Areas  uniformly  >defcribed  ; 
3.  Squares  of  the  Periods  as  the  Cubes  of  the 
Diilances.—Tables  of  the  Planetary  Motions. 
—Relative  Motions. — Tranlits  of  Mercury  and 
Venus  over  the  Sun,— -Dimeniions  of  the  Solar 
Syftem, 

XIL 

Laws  of  the  Motion  of  .Comets.— Their  Or¬ 
bits  Parabolic  or  Elliptical.— Return  of  Comets. 

—Areas 
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« — Areas  uniformly  defcribed, — Affinity  to  the 
Planetary  Motions. 

XIIL 

Diflance  of  the  fixed  Stars. — Diameter  of  the 
Earth’s  Orbit  fubtends  an  exceedingly  fmall 
Angle  at  that  diftance. — ^Limit  to  the  Magnitude 
of  this^  Angle. — Aberration  of  the  fixed  Stars  ex¬ 
plained. — Varieties  among  the  fixed  Stars. 

■ — Milky  Way. — Nebulae. — Double  and  triple 
Stars. — New  Stars. — Catalogues. 

XIV. 

A  general  view  of  the  Phyfical  Caufes  of  the 
Motions  defcribed  above. — Remarks  on  the  Af¬ 
finity  between  the  Earth  and  the  Planets. 


G  E  O  G  R  A- 
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GEOGRAPHY, 

INTRODUCTION. 

The  natural  Diviiions  of  the  Earth,  are  either 
marked  out  by  Agronomical  Phoenomena,  or  by 
the  Properties  of  Terreftrial  Bodies. — Aftrono- 
/  mical  and  Phyfical  Geography. — Remarks  on 
the  Hiftory  of  each. 

ASTRONOMICAL  GEOGRAPHY. 

I. 

Magnitude  and  Figure  of  the  Eatth. — Mea- 
furement  of  Degrees  of  the  Meridian  in  diffe¬ 
rent  Latitudes. — Increafefrom  the  Equator  to  the 
Poles. — Spheroidal  Figure  of  the  Earth,  compref- 
fed  at  the  Poles. — Proportion  of  the  Earth’s  Axis 
to  the  Diameter  of  the  Equator.^ — Mean  De¬ 
gree. — Circumference  of  the  Earth.— Superfi¬ 
cies,  in  fquare  Degrees. — Geographical  Mile  ;  its 
Proportion  to  the  common  Itinerary  Meafures. — 
Of  the  Degree  of  Accuracy  at  prefent  obtained 
in  the  determination  of  the  Figure  of  the  Earth. 


IL 
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IL 

Divifion  of  the  Earth’s  Surface  by  Parallels 
of  Latitude.— To  find  the  Latitude  of  any 
Place. — Of  the  Divifion  of  the  Earth’s  Surface 
into  Zones  ;  Proportion  of  thefe  Zones  to  one 
another. — Divifion  by  the  falling  of  the  Shadows 
of  upright  Objeds :  By  the  different  lengths  of 
the  Day  and  Night. — Ancient  idea  of  Climates. 

« — Theorems  for  finding  the  rifing  and  fettmg  of 
the  Sun  and  Stars. — Curious  Rule  of  the  Indian 
Aftronomers  for  that  purpofe. 

III. 

Divifion  of  the  Earth’s  Surface  by  Circles 
of  Longitude. —  Methods  of  finding  the 
Longitude  of  a  Place. — Why  this  Problem 
is  more  difficult  than  that  of  finding  the 
Latitude. —  i.  Of  the  Method  by  Eclipfes  of  the 
Moon,  or  of  the  Satellites  of  Jupiter. — 2.  By 
the  illumination  of  certain  fpots  on  the  Diflc  of 
the  Moon. — 3.  By  Time-keepers. — 4.  By  the 
Tranfit  of  the  Moon  over  the  Meridian. — 5.  By 
the  Moon’s  Diflance  from  a  Star. — 6.  The 
Moon’s  Altitude.- — 7.  An  Eclipfe  of  the  Sun. 
8.  The  Tranfit  of  the  Moon  over  a  Star. — In 
practice,  the  Difference  of  Longitude  is  fome- 

times 


/ 
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times  inferred  from  the  Itinerary  Diftarice^ 
when  the  Latitudes  are  known, 

IV. 

Reprefentation  of  the  Earth’s  Surface  on  that 
of  the  Artificial  Globe. — Ufes  of  the  Globe.-— 
Refolution  of  Problems  refpeding  the  Dodirine 
of  the  Sphere. 

V. 

Reprefentation  of  the  Earth’s  Surface  on  a 
Plane. — Maps. — The  fimpleftis  the  Plain  Chart. 
— Principles  of  the  Stereographic  Projedion. — Of 
the  Globular  or  de  la  Hirji’s. — Of  the  Conical 
Projedion  invented  by  Murdoch. — Of  the  Pro^ 
jedion  ufed  in  the  Maps  of  Senex  and  d’Ak-> 
viLLE,  Sec. — -General  Remarks  on  the  Conftruc- 
tion  and  Ufe  of  Maps, 

PHYSICAL  GEOGRAPHY, 

I. 

Divifion  of  the  Earth,  according  to  the  Pro^ 
perties  of  the  Subftances  which  compofe  it—. 
Molt  general  divifion  into  Solid  and  Fluid.— 
Fluid  into  Water  and  Air. — The  order  in  which 
they  muft  be  confidered  is  Water,  Earth,  Air.— 
Of  the  Ocean. — Surface  every  where  perpendL 
cular  to  the  diredion  of  Gravity.— Extent, 

B  Diviiions, 
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Divifions.— Depth.—Saltnefs. — Produdions  of 
the  Sea. — General  Motion. — Phoenomena  of  the 
Tides. — Caufe. — The  part  of  the  Moon’s  At« 
tradion  employed  in  producing  them. — Spring 
Tides. — Oppolite  Tides. — How  far  Obfervation 
and  Theory  agree. — EfFed  of  Shores,  Straits^ 
&c. — Tide  inconliderable  in  Mediterranean 
Seas. — Particular  Motions  of  the  Sea. — Cur¬ 
rents. — Gulph  Stream,  &c. — Whirlpools. 


Of  the  Land.  Natural  Divifions  arifing  from 
the  Properties  of  the  more  Solid  Parts.-Thefe  are 
either  Stratified  or  Unfiratified.-^iy?,  Stratified 
divided  into  Primary  and  Secondary. — Charac¬ 
ters  of  each. — Unftratified  divided  into 
Dykes,  Mafles  and  Veins.— Materials  of  each. — - 
Dr  Hutton’s  Theory. — Sketch  of  the  Geogra¬ 
phic  Hiftory  of  Metallic  Veins  and  Ores. 

IIL 

Natural  Divifions  of  the  Earth  from  the  Ine¬ 
qualities  of  its  Surface.- — Mountains. — ^Gcneral 
Fads  concerning  the  Strudure  of  Mountains.— 
Height  of  Mountains. — Great  Chains.— Alps — ^ 
Ourals. — Altaic  Mountains.-Gaucafus- — Corde- 
lieras.— Volcanic  Mountains.—Veftivius,  Etna, 
&c. 


IV. 
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IV. 

Natural  Divifions  of  the  Earth  con- 
nedled  with  the  Atmofphere. — Conftituent 
Parts  of  the  Atmofphere. — Elafticity  of  Air. — 
Law  of  the  Decreafe  of  Denlity  on  afcending 
into  the  Atmofphere. — Decreafe  of  Tempera¬ 
ture. — Circle  of  Perpetual  Congelation. — Mea- 
furement  of  Heights  by  the  Barometer. — Eva¬ 
poration. — Hygrometer. — Atmofphere  conlider- 
ed  with  refped  to  the  oeconomy  of  Animals  and 
Vegetables. 

V. 

Atmofphere  confidered  as  forming  a  commu¬ 
nication  between  the  Sea  and  the  Dry-land. — 
Evaporation.— Dr  Hutton’s  Theory  of  the  For¬ 
mation  of  Rain. — Average  Quantity  of  Rain 
that  falls  annually. — Connedlion  of  Rain  with 
the  Rife  and  Fall  of  the  Barometer. — Periodi¬ 
cal  Rains. — Countries  where  there  is  no  Rain. 
— Deferts. 

VI. 

Origin  of  Rivers. — Springs. — Lakes, — Salt 
and  Frefh  Lakes. — Supply  from  the  Rain. — Suf¬ 
ficiency  of  that  fupply. — Bafon,  or  trad 
drained  by  a  River. — Dr  Halley’s  Compu¬ 
tation. — Laws  of  the  Motion  of  Rivers. — Velo¬ 
city.— Formation  of  their  Channels. — ^Bend¬ 
ings.—’ 
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ings. — Accumulation  of  Earth  at  the  Mouths 
of  great  Rivers. — Rivers  fubje6l  to  Periodical 
Inundations. — Nile.— Ganges,  &.c. 

VIL 

Natural  Divilions  of  the  Earth  arifing  from 
the  diftribution  of  Heat  and  Cold  on  its  Sur« 
face. — Laws  of  the  communication  of  Heat,  in 
Solids,— in  Fluids. — Thermometer. — Tempera¬ 
ture. — Climate.^AHion  of  the  Sun’s  Rays,  the 
Primary  Caufe.— Communication  of  Heat  by  the 
Atmofphere,  the  Secondary  Caufe. — General 
Operations  of  thefe  Caufes  exemplified  in  the 
Climate  of  the  Torrid  Zone,- — of  the  Temperate, 
—the  Frigid.—Mcdification  by  Local  Caufes.— 
By  Elevation, — Culture, — Evaporation,  &c.— 
The  Temperature  of  the  Earth  on  the  whole 
permanent. — Not  fubjeH  to  the  conftant  dimL 
nution  iuppofed  by  M.  de  Buffon. 

VIIL 

Unequal  diftribution  of  Heat  in  the  Atmo¬ 
fphere,  the  Cauie  of  Winds. — Winds  confidered 
according  to  the  different  regions  where  they 
prevail.— Conftant,  or  Trade  Winds. — Periodical 
lyinds,  or  Monfoons. — Irregular  Winds. — Hur¬ 
ricanes.— 
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ricanes. — ^Whirlwinds,  &c. — Effedt  onthe  Baro- 
meter. 

IX, 

Divifions  of  the  Earth  formed  by  the  Phosno- 
mena  of  Magnetifm.- — Magnetical  Poles. — E- 
quator. — Lines  of  no  Variation,  &c. — Pofition 
of  the  Magnetical  Poles  inferred  from  the  Varia¬ 
tion,  and  vice  verfa. — Tolerable  Agreement  of 
Theory  and  Obfervation. — Magnetical  Poles 
change  their  Situation. — Law  not  afcertained. 

X. 

Illuflration  of  the  Principles  explained,  un¬ 
der  the  preceding  Heads,  by  a  general  Survey 
of  the  Old  and  New  Continents. — Diredlions  for 
ftudying  Geography  in  Detail. 


N  A  V  I  G 
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NAVIGATION. 

I. 

Navigation  a  Branch  of  Geography. — Gene¬ 
ral  Problem,  in  the  Solution  of  which  Naviga¬ 
tion  confifts. — Inftruments  for  afcertainin  gme 
necelfary  Data,  viz.  The  Courfe  and  Dittance. — 

Log. — Mariners  Compafs. — Rhumb-line  or  Lo- 
xodromic. — -Variation  of  the  Compafs,  and  me  i 

thod  of  finding  it. — Ship’s  Reckoning. 

II. 

The  fame  Data  afcertainedby  Aftronomical 
Obfervation. — Of  the  Latitude. — Found  by  Ob- 
fervation  of  the  greateft  Altitude  of  the  Sun 
or  a  Star. — By  equal  Altitudes. — Different 
Cafes. — Corred;ion  for  Ref  adlion  and  the 
Height  of  the  Eye. — Singular  Advantages  of 
Hadley’s  Quadrant  at  Sea. 

III. 

Of  finding  the  Longitude  at  Sea.— -Method 
by  Time-keepers. — Method  by  the  Moon’s  di- 
ftance  from  a  Star. — ^Rules  for  making  he  Ob¬ 
fervation. — For  calculating  the  Longitude. — 

Nautical  Almanack. — -Advantage  of  combining 
thefe  two  Methods  together. 


IV. 


[  15  3 


IV. 

Navigation  requires,  befides  the  above,  the 
conftrudion  of  Charts.— Plain  Chart,  its  con- 
ftrudion and ufe ;  its imperfedlions.-MEac ator’s 
Chart — a  feries  of  plain  Charts,  in  which  the 
Scale  varies  fo  as  to  preferve  the  Degree  of 
Longitude  always  of  the  fanie  Length.— Con- 
ftrud;ion  and  Ufe  of  this  Chart. — Marine  Sur¬ 
veying. 

V. 

Plain  Sailing,  orSailingby  the  Plain  Chart — 
Reduced  to  the  folution  of  right-angled  plain 
T riangles. — T ra verfe  T able.  — Manner  of  W ork^ 
ing. — Corredlions  of  the  refults  by  the  Latitude 
obferved. 

VL 

Globular  Sailing. — Rules  of  it  derived  from 
Spherical  Trigonometry,  or  from  the  Orthogra¬ 
phic  Projedlion  explained  above,  Aftron.  §  IL — ■ 
Conftrudion  given  by  Mercator’s  Chart.-Ofthe 
Mean  to  be  taken  when  the  Data  from  the  Ship’s 
reckoning,  and  from  Aftronomical  obfervation 
difagree, — Of  the  correction  to  be  made  on 
account  of  the  Spherical  figure  of  the  Earth. — = 
Conclufion. 


PART 
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PART  11. 

GUNNERY. 

L 

Theory  of  Projedliles. — Perpendicular  Defcent 
and  Afcent  of  Bodies.— A  Body  obliquely  pro- 
jedled  in  vacuo  defcribes  a  Parabola. — Properties 
of  that  Curve. — Problems  in  Gunnery  refolved 
by  it. — Definitions. — Impetus,  Range,  &c. — 
Impetus  and  Range  given  to  find  the  Diredion. 
— ^Range  and  Diredion  to  find  the  Impetus. — = 
Greateft  Range. — Horizontal  Range  grreateft 
when  the  elevation  is  45'’. 

IL 

Deviations  from  the  preceding  Theory,  pro¬ 
duced  by  the  refiftance  of  the  Air. — Become 
greater  as  the  Motion  is  fwifter. — Difficul¬ 
ty  of  afcertaining  them  exadly. — Conclufions 
from  Theory. — From  Experiment. — Effed  of 
the  refiftance  calculated  when  the  Motion  is 
nearly  redilineal. — Greateft  horizontal  Range 
in  the  Air,  is  with  an  Elevation  lefs  than 


III. 
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III. 

Of  Gun-powder. — Its  Compofition. — Elaftic 
fluid  difengaged  in  the  combuftion  of  it. — » 
Quantity  and  Heat  of  this  fluid. — Its  Force 
calculated. — Manner  of  its  communicating  Mo¬ 
tion. — Greateft  Velocity  which  it  can  commu¬ 
nicate. — Of  the  Velocity  with  which  a  Ball  if- 
fues  from  the  mouth  of  the  Piece. — Experi- 
;  ments  with  the  Balliftic  Pendulum. 

IV, 

Defcription  of  different  kinds  of  Ordnance. — • 
Ship  Guns. — Battering  Cannon. —  Field  Pieces. 
“Mortars,  &c. — Experiments  on  the  proper 
length  of  Guns.— Quantity  of  Powder. — Its 
force  increafed  by  the  heating  of  the  Gun. — - 
Diflance  to  which  Shot  may  be  thrown.— 
Point  blanc  Firing. — Penetration  of  Shot  into 
Earth,  Timber,  &c. — Deviation  of  Balls  from 
the  vertical  Plane.— Remedies  propofed. — -Ri¬ 
fled  Guns,  &c. 


G 
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fortification, 

I. 

Nature  of  the  Weapons  ufed  determines  the 
manner  of  Defence. — Principles  eftablifhed  for 
determining  the  Figure  of  a  Fortified  Place. 
— Walls  low. — Angles  alternately  faliant  and 
re-entering. — Works  flanking  one  another. — 
Geometrical  Plan  of  a  regular  Fortification  of 
any  number  of  Sides. — Conftrudiion  on  Paper, 
—Explanation  of  Terms. — Solution  of  fome 
Geometrical  Problems,  ufeful  in  thefe  Confiruc- 
tions. — Of  the  latitude  that  the  Plan  admits 
of. — Gonftrudlion  of  the  Profiles. 

II. 

Of  laying  down  the  Plan  on  the  Ground.-^ 
Infiruments  to  be  ufed.  Adual  Conftrudion  of 
the  Works. — Practical  Rules. — Slop  of  Earth- 
walls  and  Ditches. — Strength  of  Stone-walls.™ 
Sluices — Bridges — Cafemats.— Digrefiion  con¬ 
cerning  Military  Surveys. 

IIIo 

Fortification  of  irregular  Places. — i. 
When  the  Ground  is  flat,  but  irregular  in  its 
Figure. — 2.  When  a  Hill  is  to  be  fortified. 
’—3.  When  the  Place  is  on  the  Banks  of  a 

River^ 
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River,  or  on  t^e  Sea-fliore.— Of  tern  nor  ary 
JFortifications.-^Intrenched  Camps.  —  Lines.-— 
Pofts,  &c. 

IV. 

Attack  of  fortified  Places. — General  Maxims. 
— Circumvallation. — Approaches  conftrudied  on 
Paper.— Geometrical  properties  of  lines  fo  drawn. 
— The  rapidity  with  which  they  advance  de- 
creafes  in  Geometrical  Progreflion. — Method  of 
transferring  the  Approaches  to  the  Ground. — - 
Of  carrying  on  the  Work. — Parallels. — Batteries. 
—Mines. — Charge  necefiary  for  a  Mine  of  a 
given  depth. — Figure  of  the  Excavation  in^ 
veftigated  on  different  fuppofitions. — Rule  not 
general,  that  the  width  is  twice  the  depth. 


Note^  The  divilions  in  this  Profpedus  do  not  refer 
to  the  Number  of  the  Ledures,  but  of  the  Heads  un¬ 
der  which  the  Le6tures  are  arranged. 
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